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Introduction

Recommended summer chronic and acute thermal tolerance values for juvenile and adult brook trout and
their justification are discussed below. The recommended tolerance values were developed in accordance
with the “DRAFT Methodology for Developing Thermal Tolerance Thresholds for Various Fish in
Nevada — Juvenile and Adult, Summer” (September 2015).

Chronic Thermal Tolerance Thresholds

Table 1 provides a summary of the range of chronic temperature tolerance values for brook trout for
various lines of evidence. These values are based upon a review of 33 papers and publications, the details
of which are summarized in Attachment A.

There is obviously a wide range of temperatures from which to select an appropriate value and best
professional judgment is called for. NDEP’s approach is to accept the EPA recommendations from
Brungs and Jones (1977) unless the literature review provides a compelling reason to utilize other values.
EPA’s chronic value of 19°C falls within the upper end of the range of potential criteria found in the
literature, and is recommended as the chronic thermal tolerance level for adult/juvenile brook trout. As
discussed in the methodology, chronic temperature criteria are generally not set to ensure the most
optimum conditions. In fact, Brungs and Jones (1977) recommends chronic criterion for a given fish
species that is between the optimum temperature and the UUILT.

Table 1. Summary of Chronic Temperature Tolerances

Category Temperature (°C)

Laboratory Optimal Growth Studies — Constant Temperature

Optimum 12.4-16

Upper Optimum 17-19
Laboratory Temperature for Maximum Cruising Speed

Maximum cruising speed temperature 17-19
Laboratory Temperature Preference Studies

Average Preferences 8.7-19

Upper Preferences 99-21.1
Laboratory Upper Temperature Avoidance Studies 14 - 26
Laboratory Highest Temperature where Feeding was Observed 25.2 - 25.7
Temperature Preference Field Studies 6 —26.3
Thresholds from EPA and Colorado (MWAT) 18.3-19
Recommended Chronic Temperature Tolerance 19
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Acute Thermal Tolerance Thresholds

Table 2 provides a summary of the range of acute temperature tolerance values for brook trout for various
lines of evidence. These values are based upon a review of 26 papers and publications, the details of
which are summarized in Attachment B.

For ease of presentation, the UILT and CTM values have been summarized by acclimation temperature
ranges. However as discussed in the methodology document, only the UILT and CTM values for
acclimation temperature near the recommended chronic criterion (19°C) are to be included in the acute
criterion development process. For brook trout, UILT and CTM values for acclimation temperatures 15 —
20°C are utilized for criterion development.

Table 2. Summary of Acute Temperature Tolerances

Category Temperature Potential Acute
Tolerances (°C) Criteria (°C)
Laboratory Lethal Studies — UILT/UUILT
UILT
Acclim. =1-5°C 20.4 -23.4
Acclim. =5-10°C 19.4 - 23.7
Acclim. =10 -15°C 20.2 - 24.8
Acclim. =15 -20°C 24.3 - 25.3 22.3-23.3"
Acclim. = 20 — 25°C 25.3-26.1
UUILT 20.1-25.3 18.1 —23.3"
Laboratory Lethal Studies— CTM
Acclim. =5-10°C 28.0 - 29.0
Acclim. =10 - 15°C 27.5-29.0
Acclim. = 15 - 20°C 28.0-30.8 21.3-24.1°
Field Studies 15.8-28.5
Thresholds from EPA and Colorado 21.7-24
Recommended Acute Temperature Tolerance 24

YUILT and UUILT values reduced by 2°C to provide 100% survival (See Methodology)
2CTM values reduced by 4.7°C to estimate quasi-UILT values, and reduced by 2°C to provide 100% survival (See
Methodology)

A review of laboratory studies suggest that an appropriate acute criteria should fall between 18.1 and
24.1°C, while field studies suggest a wider range of 15.8 to 28.5°C. This is obviously a wide range from
which to select an appropriate value and best professional judgment is called for. NDEP’s approach is to
accept the EPA recommendations from Brungs and Jones (1977) unless the literature review provides a
compelling reason to utilize another value. EPA’s acute value of 24°C falls within the upper end of the
range of potential criteria found in the literature, and is recommended as the acute thermal tolerance level
for adult/juvenile brook trout.
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ATTACHMENT A
Detailed Summary of Chronic Thermal Tolerance Values for Brook Trout, Juvenile and Adult, Summer



Table A-1. Chronic Temperature Tolerances — Laboratory Optimal Growth Studies

Reference Age or Size Acclim. Optimum Growth Temperature Upper Optimum Growth Temperature
Temp. (°C) Temp. (°C) Comment Temp. (°C) Comment
Baldwin (1957) Yearling 9" 13 17 At 17°C feeding decreased.
Dwyer et al. Test The decrease iD growth rate of
(1983) 06¢g Temperature? 13-16 19 fish held at 19°C was the result
of a temperature stress.
10 — 19°C is the optimum range
Hokanson et al. . for growth (unrestricted rations
(1973) Yearling 9 16 19 andgrelative( condition factor. :
McCormick et 9.8 —_1_7.9°C provided suitable
< 8 week 25-15 124-154 17.9 conditions for brook trout
al. (1972)
growth.
McMahon et al. 8 months g3 14
(2007) posthatch

! After four weeks at one temperature (9, 13, 17, and 21°C) the brook trout were transferred to the next highest or lowest temperature depending on
whether it was ascending or descending the temperature series.
*Water temperatures were gradually adjusted over a 1-week period until the desired test temperature was reached. Fish were held at that
temperature for 1 week before the test was begun.
®Fish were held in test tanks for 2 weeks at 8°C before a temperature adjustment of 1.0°C per day to reach the treatment temperature; constant
temperatures were then maintained for 60 days.
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Table A-la. Chronic Temperature Tolerances — Laboratory Temperature for Maximum Cruising Speed

Temperature of Maximum

Reference Age or Size T?rgcm(r"].(:) Cruising Speed Upper Temperature of Maximum Cruising Speed
P- Temp. (°C) Comment Temp. (°C) Comment
McCauley 10 19
(1958) 17 17
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Table A-2. Chronic Temperature Tolerances — Laboratory Preference Studies

Average Preference

_ Acclim. Temperature Upper Preference Temperature Final Preferendum
Reference Age or Size Temp. Tem
(°C) (°C;) ' Comment Temp. (°C) Comment Temp. (°C) | Comment
6.0 11.2 12.2
9.0 11.3 13.4
12.0 13.7 14.6 Upper 95%
8%‘37?)/ etal. <1 year 15.0 15.2 16.0 confidence limits
18.0 18.0 17.6 on averages
21.0 18.3 19.3
24.0 19 21.1
12.0 13.7 15.0
Cherrv et al 15.0 15.2 16.1 Upper 95%
(19773)/ ' <1 year 18.0 17.2 17.3 confidence limits 155-16.8
21.0 18.3 18.8 on averages
24.0 19 20.5
Fisher and
Elson (1950) 1 year 4 10
Javaid and 16 g‘égg%?sﬁor
Anderson Fingerlings 20 Average for fed
(1967) 18 b O
. 2 10 16.8 17.3 95% confidence
Muller (1977) 45-70g 18 18.0 18.6 interval of mean
Peterson .
(1973) Underyearling 13 12.4-15.3 13.5-18.5
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Table A-2. Chronic Temperature Tolerances — Laboratory Preference Studies (cont’d)

Average Preference

_ Acclim. Temperature Upper Preference Temperature Final Preferendum
Reference Age or Size Temp. Tem
(°C) e C§) ' Comment Temp. (°C) Comment Temp. (°C) | Comment
. 10.6 8.7 9.9 Upper extent
Peterson et al. ry preferences based
(1979) 127 115 Y upon 1 stand. dev.
Fingerling 12.1 17.5 19.5 above avg.

Sullivan and 2 _3inches 2-85 8-16.5
Fisher (1953) 4 9-12
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Table A-3. Chronic Temperature Tolerances — Laboratory Upper Temperature Avoidance Studies

Reference Age or Size Acclim. Temp. (°C) Temperature (°C) Comment
Cherry et al. (1975) <1 year 6 — 24" 14 -25
Cherry et al. (1977) <1 year 12 — 24 1526
Elson (1942) 12 cm 10 25 - 26

' Attempts to acclimate to levels above 24°C caused some mortality

Table A-4. Chronic Temperature Tolerances — Other Laboratory Studies

Reference Age or Size Acclim. Temp. (°C) Temperature (°C) Comment
Chadwick et al, (2015) | Juvenile 0*9()11'7 - 290 16 207 -21.24
Taniguchi et al. (1998) 107 — 165 mm fork length 3-26° 24°

ILaboratory experiments to show that the temperature thresholds in brook trout for increased gill heat shock protein-70 (20.7°C) and plasma
glucose (21.2°C) are similar to their proposed thermal ecological limit of 21.0°C.

2During acclimation to 24°C, 2 of 10 brook trout died. During acclimation to 26°C, all 10 brook trout died.

*For brook trout, there was a significant increase in food consumption at temperatures below 24°C. This indicates that the presence of other fish
species, not loss of appetite, was the reason for low food consumption in trials where brook trout was not the dominant species in the stream.
However, at 24 °C, there was no significant increase in food consumption and in three of five replicates brook trout consumed no food items even
when they were the only species present. Therefore, at 24°C, lack of appetite, not behavioral interactions, was the likely reason that brook trout did
not eat in the presence of other species.

Table A-5. Chronic Temperature Tolerances — Highest Temperature where feeding was observed

Reference Temperature (°C) Comment
gggf)e and Anderson 25.2-25.7 Highest temperature where feeding was observed
Attachment A
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Table A-6. Chronic Temperature Tolerances — Field Studies

Reference Temperature (°C) Comment
Barton et al. (1985) <29 Streams with a '_[rlmean weekly maxima less than 22°C had trout; warmer streams had, at
best, only marginal trout populations.
Baird and Krueger (2003) 118263 Brook trout presence in the higher end of this range was limited to brief excursions from
coolwater refugia to feed.
Benjamin et al. (2007) 11-19 S}Cﬁjuz;r:znce of small and large brook trout in Panther Creek, a tributary to the Salmon River
. In July, when ambient water temperatures ranged from 23°C to 27°C, trout lay on the bottom

Biro (1998) 15-20 in the coldest water available (18-20°C).

. Field assays demonstrated increased plasma glucose, cortisol, and heat shock protein-70
Chadwick et al. (2015) <21 concentrations at field site where mean daily temperature exceeded 21.0°C.
Creaser and Brown (1927) . .
as cited in Creaser 1930 <18 Brook trout certainly tolerate and probably prefer waters below 18°C.
Eaton et al. (1995) 22.3 Based upon 95" percentile of 5% highest weekly average temperatures
Elson (1939) as cited in <1 When Lake Ainslie reached temperatures above 21°C, brook trout moved to a brook that was
Elson (1942) generally 4°C to 6°C cooler than the lake.

6—22 1.5 times the interquartile value
Mebane (2002) 11-155 Lower to upper quartile
13 Median
Ott and Maret (2003) 13.5-18.5 Maximum weekly stream temperature range
14.8 Mean summer temperature of brook trout streams in northern Ontario.
Picard et al. (2003) 171 Estimated MWAT value using Standardization conversion discussed in Methodology
' document (MDMT = 1.05 x Summer Average + 1.6)
. The growth of older, larger brook trout (age > 2) is negatively impacted by warm summer

Robinson et al. (2010) <20 water temperatures (>20°C).
Wehrly et al. (2003) 1022 Mean temperatures at sites where brook trout were present at average or above-average

standing stocks ranged from 10°C to 22°C.
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Table A-6. Chronic Temperature Tolerances — Field Studies (cont’d)

Reference Temperature (°C) Comment
25.3 (MEANT) 1 d Maximum daily mean temperature (MEANT)
22.5 (MEANT) 14 d Maximum daily mean temperature (MEANT)
Wehrly et al. (2007)* 22.1 (MEANT) 21 d Maximum daily mean temperature (MEANT)
21.0 (MEANT) 63 d Maximum daily mean temperature (MEANT)
23.3 (MEANT) 7-d Maximum daily mean temperature (MEANT)
Taniguchi et al. (1998) 9-23 Occurrence of brook trout in the Horse Creek drainage of southern Wyoming.

'Results based upon field observations of both brook and brown trout.

Table A-7. Chronic Temperature Tolerances — EPA and Colorado

Reference Temperature (°C) Comments
EPA (1977) 19 Recommended level as MWAT
Colorado WQCD (2007) 18.3 Recommended level as MWAT
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ATTACHMENT B
Detailed Summary of Acute Thermal Tolerance Values for Brook Trout, Juvenile and Adult, Summer



Table B-1. Acute Temperature Tolerances — Laboratory Lethal Temperatures, UILT/UUILT

. Acclim. Temp. . UILT UUILT
Reference Size or Age C) Test Duration Temp. (°C) Comment Temp. (°C) Comment
Brett (1944) 5.69 inches Unknown 1-d 26.1
3 23.4
. 11 . 24.5
Fry et al. (1946) Yearling 20 Various 553 25.3
24 25.3
Kilgour et al.
(1985) Unknown 14 Unknown 23.8
2.5 20.4
Newly hatched ! 7-d 19.4
alevin (0.04 — 9125 gg-; 20.1
McCormick et 0.05) ' Ultimate
12 1-d 22.5 Upper 7-d
al. (1972)
75 22.2 Tlso
Swim-up alevin 9.5 23.7
(0.1-0.29) 12 7 24.8 245
15 24.3
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Table B-2. Acute Temperature Tolerances — Laboratory Lethal Temperatures, Critical Thermal Maximum

Reference Size or Age ACC“T' UG RELE Tempierature Endpoint
(6®) W)
. 0.033°C/min Trial 1=29.1 N
Underyearling (25 g) (2°C/hour) Trial 2= 283 Loss of equilibrium
. 0.25°C/min Trial 1 =295 I
Underyearling (25 g) o — Loss of equilibrium
Benfey et al. (1997)" Unknown (15°C/hour) Trial 2=29.8
. 0.033°C/min Trial1 &2 = R
Yearling (6689) (2°Clhour) 977 Loss of equilibrium
. 0.25°C/min Trial 1 &2 = —_
Yearling (668g) (15°C/hour) 9.3 Loss of equilibrium
Carline and Machun o o Domestic = 28.2 A
(2001) g Unknown 10.6 0.3°C/min (18°C/hour) Wild = 2872 Loss of equilibrium
De Staso and Rahel (1994) 97-182 mm 10 0.2°C/min (12°C/hour) 29 Loss of equilibrium
2, 4, 8, 24°C/day
Galbreath et al. (2004) Juvenile 15 (0.08,0.17, 0.33, 28.0-28.9 Loss of equilibrium
1°C/hour)
Galbreath et al. (2006) Juvenile 125-16.5° 2°C/day (0.08°C/hour) 27.5-28.1 Loss of equilibrium
Grande and Anderson ) i 1°C/day (0.04°C/hour) 26.2 4
(1991) 2-3 months post-hatch 17 2°Clday (0.08°C/hour) 572 Death
> 0.02°C/min (L.2°C/hour) o
Lee and Rinne (1980) 15-20 cm Daily fluctuation of 6°C; Loss of equilibrium
10 increased 1°C every 48 28°
hours (0.02°C/hour)
6 8 0.17°C/min 28.3 Unknown
Selong et al. (2001) Unknown 20 (10.2°C/hour) 308
. 10.9-13.1cm 0.33°C/min N
Stitt et al. (2014) 121-248¢ 8-20 (19.8°C/hour) 27.5 Loss of equilibrium
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Tested both diploid and triploid brook trout. No effect of ploidy on CTM was found. Underyearlings had higher CTM values than yearlings (29.2
+0.1°C versus 28.5 + 0.1°C, p < 0.05). Female yearlings, which were immature, had higher CTM values than males, which had previously
matured as one-year-olds (28.8 £ 0.1° C versus 28.3 £ 0.1° C, p < 0.001).

The mean CTMax for wild brook trout was 0.5°C higher than that of domestic brook trout.

*Only a range of acclimation temperatures is reported in paper

“Critical thermal maxima LTs, (temperature giving 50% mortality).

*Maximum daily temperature with temperatures varying from 22 to 28°C.

®These results are from unpublished data generated by Selong et al. as reported in Selong et al. (2001).

Table B-1. Acute Temperature Tolerances — Other Laboratory Studies

Reference Size or Age Accllr(rol.c';'emp. Comment
Taniguchi et al. 107-165 mm 10 During acclimation to 26°C, all 10 brook trout died. Fish were held at 10°C at least 2
(1998) fork length weeks prior to the onset of thermal acclimation for each experiment.
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Table B-3. Acute Temperature Tolerances — Field Studies

Reference Temperature (°C) Comments
Cunjak et al. (1993) 23-26
Elson (1942) 21 When Lake Ainslie reached temperatures above 21°C, brook trout
moved to a brook that was generally 4°C to 6°C cooler than the lake.
The brook trout passed through a temperature of 28.5 C without loss, but
with evident distress and failure of appetite. They apparently recovered
on a drop of nine degrees overnight and a maximum of 26.5 C the
Embody (1921) 28.5 following day. They lived through five succeeding days with the
maximal temperatures ranging from 26 to 27 C., but began to die at 29
(mortality 20 percent). None died the following day, July 4, at 28; but on
July 5 at a temperature of 28.4 C., the mortality was 100 percent.
15.2 (MWMT) Value is upper limit of Realized Thermal Niche
Huff et al. (2005) 15.8 (MDMT) Estimated MDMT value using Standardization conversion discussed in
' Methodology document (MDMT = 1.04 x MWMT)
Meisner (1990) 24
10.8 Maxir_num summer temperature of brook trout streams in northern
Picard et al. (2003) S0 .
18.4 Mean_maX|mum summer temperature of brook trout streams in northern
Ontario.
Robinson et al. (2010) 20 ghe growth of older, larger brook trout (ag:: > 2) is negatively impacted
y warm summer water temperatures (>20°C)
27.6 1 d Maximum daily maximum temperature (MAXT)
24.6 14 d Maximum daily maximum temperature (MAXT)
Wehrly et al. (2007)* 24.2 21 d Maximum daily maximum temperature (MAXT)
22.9 63 d Maximum daily maximum temperature (MAXT)
254 7-d Maximum daily maximum temperature (MAXT)

'Results based upon field observations of both brook and brown trout
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Table B-4. Acute Temperature Tolerances — EPA and Colorado

Reference Temperature (°C) Comments
EPA (1977) 24 No metric (DM, MWMT, etc.) recommended
Colorado WQCD (2007) 21.7 Recommended level as DM
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